Pyrolyzed Polymer
This paper deals with pyrolyzed polymer which is a traditional material in carbon technology but new material in MEMS field. Pyrolyzed polymer has advantages among carbon materials from the aspect of compatibility with MEMS because its structures can be transformed from those of polymer MEMS. This work presents the effect of NO 2 gas adsorption on electrical properties of pyrolyzed polymer.
Fabrication process of the sensor consists of patterning of photoresist and following pyrolysis process. Pyrolyzed polymer derived form photoresist OFPR-800 (Tokyo Ohka Kogyo Co. Ltd.) was used as the absorbent of the sensor. Photolithography of photoresist followed patterning of Cr / Au electrode on insulating Silicon substrate. Pyrolysis process was carried out between 700 o C and 800 o C by taking account of both conductivity control and process compatibility with MEMS. Figure 1 shows the dynamic response of the sensor obtained at 730 o C pyrolysis. Operating temperature and NO 2 concentrations were 150 o C and 2.0 ppm, respectively. The resistance of the sensor drastically decreased when the sensor was exposed to NO 2 gas. The resistance gradually returned to the original value as the ambient was replaced with air. This dynamic response is similar to that of NO 2 gas sensor using carbon nanotubes. The obtained result corresponds to the result of Hall effect measurement, which was indicated that pyrolyzed OFPR-800 is p-type semiconductor. For an advanced understanding about pyrolyzed polymer as absorbent of NO 2 gas sensors, the influence of pyrolysis temperature, NO 2 concentrations and operating temperature on the sensor sensitivity were examined as follows. Figure 2 shows pyrolysis temperature dependence on the sensitivity to 4.0 ppm NO 2 gas at 180 o C operation. The sensitivity is defined as shown in eq. 1. R g and R a are the resistance in NO 2 gas and in air, respectively. Lower pyrolysis temperature contributes to higher sensitivity. Figure 3 shows the sensitivity of the sensor obtained at 730 o C pyrolysis accroding to NO 2 concentrations at various operating temperature. High NO 2 concentarations contributes to high sensitivity. The sensitivity of the response to the gas molecule seems to be related to the amount of electron charge transfer. Above all, it is remarkable that the sensor could detect 0.02 ppm NO 2 gas.
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In addition, high operating temperature improved the sensitivity to gas mixture of NO 2 . high ambience temperature is likely to improve the absorption of gas mixture of NO 2 to pyrolyzed OFPR-800.
From these results, we could understand attractive features of pyrolyzed polymer for gas sensor that low temperature pyrolysis and high operating temperature contribute to higher sensitivity against gas mixture of NO 2 . This paper deals with a pyrolyzed polymer as a kind of carbon materials obtained by pyrolysis of polymers. Through a combination of micromachining of polymers and following pyrolysis process, we can obtain pyrolyzed polymer MEMS structures for various applications. This work focuses on the effect of NO 2 gas adsorption on electrical properties of pyrolyzed polymers. The resistance of the sensor is dramatically decreased when the sensor is exposed to the NO 2 gas. It is found that low pyrolysis temperature and high operating temperature contribute to higher sensitivity against gas mixture of NO 2 .
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